These photos showing the extensive damage at Fukushima were taken less than a week after the tsunami of March 11, 2011. Left: Conditions around
Reactors 5 and 6. Right: The Reactor 3 building after an explosion blew off its upper floors. The explosion was triggered by the ignition of hydrogen gas created
by reactor fuel overheating. Reactor buildings 1 and 4 suffered similar explosions in the days immediately following the tsunami. (Photos: TEPCO)

The quake initiated Fukushima’s automatic reactor shutdown.
It also cut off the reactor complex from the electric power
grid. However, the tsunami that followed overwhelmed the
30-foot-high seawall that Japanese experts believed would
protect Fukushima, swamped the lower floors of the reactor
buildings with 15 feet of water, and permanently knocked
out the reactors’ emergency electric generators—and with
them, their cooling-water circulation pumps. The reactors’
cores containing hot nuclear fuel lost critical cooling and
some (perhaps all) of the fuel became so hot it melted. Life-
threatening radiation was released.

Now, more than five years later, radiation levels inside the
buildings that contained the melted fuel are still lethal. The
deadly fuel must be removed, but key questions still need
definitive answers. Before the process of fuel removal can
begin, the exact status of the fuel must be known. How much
has melted? Where is it? The Japanese government, nuclear
engineers, and plant operators will not have the answers until
they can see inside the reactors. Yet without technology that
allows them to proceed safely, the Japanese cannot begin

the process.
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That’s where Los Alamos National Laboratory comes in. Los
Alamos scientists have created a new type of penetrating
“vision” that can detect nuclear materials, such as uranium
and plutonium, hidden inside very thick layers of concrete and
steel. This so-called muon vision (see “What is Muon Vision?”
page 39) uses cosmic ray muons, which are always present

and which, unlike x-rays, are harmless to humans.

Muon vision has already been commercialized. Los Alamos

and California-based Decision Sciences International

Corporation (DSIC) have worked together to create a unique
(continued on page 40)

Detector #1

Cargo
passes
between

a pair of muon detectors.

o),

u-

Uranium

Detector #2

Muons hit
heavy metals,

scattering at angles specific to those metals.




| wnatisMuon /| S @14
,i

=iy

e O 0g de o PP onta
8
De 0 ona OIrpo O D
0O a d O on. D 0 Specia
d d deE O o, cd above ao O O d
ord ons p 0 op detecto
befo 0 d the pa
0 ottom de O O e
O ated O d
D ba 0 ee 0 e
DO 0 0 0O on o ate
e 0
o 0
By d 0 0 0
0 o id pe o
D O c d
0
C SO d d O
D e, color-co o ind e d
0 ograp belo bo
d
be d 0 e d
C
O C O c O d d D O
0
aGra 00D
~N

Points of intérsection

and marked with a 3D calor-coded pix:

are then measured

ALERT!!!

In a minute or less,

potential threats
can be detected. 39





